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We have investigated the effect of histamine on pig 
epidermal cell outgrowths in vitro. Histamine inhibited 
the epidermal cell outgrowths (and also mitosis). This 
inhibition was partially counteracted by a specific H2 
antagonist, cimetidine. Inhibition was maximal at a his-
tamine concentration of 10- 4 M and was less at 10- :1 M. 
These histamine concentrations respectively coincide 
with the optimal concentrations for accumulating intra-
cellular cyclic AMP (via H2 receptors) and cyclic GMP 
(via HI receptors) in the same pig epidermal slice system. 
4-Methyl-histamine, a pure H2 agonist, which only in-
creased the intracellular cyclic AMP level but not the 
cyclic GMP level, caused a maximal outgrowth inhibition 
at 10- 3 M. Attempts to counteract the histamine effects 
due to cyclic GMP accumulation by various H, antago-
nists (so that 10- 3 M histamine would have caused maxi-
mal outgrowth inhibition) were unsuccessful, since the 
addition of each H, antagonist alone strongly inhibited 
the outgrowth. These data strongly suggest a dual role 
of histamine through the cyclic nucleotide system; i.e., 
histamine inhibits epidermal cell growth by elevating 
the intracellular cyclic AMP level via an H2 receptor, 
while histamine at high concentrations (10- 3 M) partially 
counteracts the inhibition by increasing cyclic GMP via 
an H , receptor . . 
We have previously reported that through 2 different recep-
tors (H, and H 2) histamine caused a rapid increase in cyclic 
GMP and cyclic AMP in pig epidermis [1,2]. The receptors 
were distinguished by their differential sensitivities to histamine 
antagonists and agonists. The pharmacological effect of hista-
mine on human keratinocytes in vitro was studied by Harper 
and Flaxman [3], who indicated that histamine caused mitotic 
inhibition in the G2 phase of the cell cycle, possibly through an 
increase of intracellular cyclic AMP. On the contrary, Voorhees 
et al ' [4] reported that histamine at high concentration (3.5 X 
10- 2 M) stimulated rat epidermal mitoses in vitro. 
While cyclic AMP inhibits ~ell proliferation in various tissue 
systems [5], cyclic GMP seems to have a stimulating effect, 
which has been shown in the mouse frrboblast in culture [6], in 
the lymphocyte in culture [7] and in the catecholamine-stimu-
lated rodent salivary gland [8]. Our data on pig epidermis [1,2] 
indicate that histamine has a maximal effect on cyclic AMP 
accumulation at 1 X 10- 4 M and on cyclic GMP accumulation 
at 1 X 10- 3 M. In the present study we have examined the effect 
of histamine on pig epidermal outgrowths and consistently 
observed a maximal inhibitory effect at 10- 4 M but lesser inhi-
bition at 10- 3 M. It is possible that an increase in cyclic GMP 
caused by the high concentration of histamine might have a 
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proliferative (or anti-inhibitory) effect on epidermal cells. Data 
that suggest a dual role of histamine through H, and H 2 
receptors in pig epidermis are presented below. 
MATERIALS AND METHODS 
S kin slices were taken from the backs of domestic pigs, weighing 6-
8 kg by a Castroviejo keratome set at a depth of 0.3 mm. One to 2 mm 
squares were cul from the slices and were placed dermal side down on 
glass cover slips which were then placed in plastic Petri dishes. The 
explants were propagated in RPMI 1640 medium containing penicillin 
(100 uni ts per ml), streptomycin (100 units per ml) and fungizone (0.5 
p.g per ml) supplemented with to% fetal calf serum (unless otherwise 
stated). Cultures were maintained at 37°C in a high humidity incubator 
in a mixture of 5% CO2 in air. 
Cu ltures were a llowed to grow for 72 hr and then examined and 
measured by phase contrast microscopy. DUl'ing this 72-h1' period the 
epidermal cells grow down the sides of the explant, attach to the cover 
slip, and migrate out as a sheet on to the cover slip. To aSSUl'e uniformi ty 
of starting conditions all explants having less than 4 sides growing or 
showing growth which was not between 300 a nd 600 p. in size were 
discarded. During this 72-hr initial period the majority of cell movement 
is due to migration a nd not mitosis. Thereafter it is mostly (or all) due 
to mitosis. In addition the epidermal sheets do not contain fibroblasts. 
Fibroblasts take much longer to leave the expla nt a nd also seem to be 
inhibited by the complete epidermal outgrowth which limi ts access to 
the glass substratum. 
After discarding poorly growing explants and recording the pretreat-
ment outgrowth values for each explant fresh media conta ining test 
drugs was added and the outgrowth dista nce was determined daily for 
3 days. For each concentration in each group of experiments, 10-15 
explants were run, with the pretreatment readings being between 300 
and 600 p.. For histology and .mitotic counts, explants cultures were 
removed from medium, washed 3 times in cold phosphate buffered 
saline (PBS), fixed and stained by hematoxylin. Basic procedures are 
the same as described by Halprin, Lueder, and Fusenig [9]. Cyclic GMP 
assay following incubation with 4-methyl histamine in Hank's balanced 
salt solu t ion for 5 min were performed essentially as previousLy de-
scribed, using in vitro floating pig epidermis [2]. Protein content was 
measured by the method of Lowry et al [to]. 
24 
RPMI 1640 medium, Hank's balanced salt solu t ion, fetal calf serum 
and antib iotics were purchased from GrBCO (Grand Isla nd , N .Y.). 
Epinephrine was the product of Park Davis (Detroit, Mich.). Reagents 
for the radioimmunoassay of cyclic GMP were obtained from Collabo-
rative Research Inc. (Waltham, Mass.) Histamine HCI, cyclic GMP 
and all other chemicals were pU1'chased from Sigma Chemical Co. (St. 
Louis, Mo.). 
RESULTS 
Figure 1 illustrates the effects of histamine (1 X 10- 4 M) and 
epinephrine (5 X 10- ;' M) on epidermal outgrowth size. Both of 
them inhibited outgrowth and the effect of the 2 together (curve 
D) is greater than each singly. These concentrations are those 
expected to stimulate cyclic AMP formation maximally. Using 
the 72 hI' response time a number of experiments were done at 
various histamine concentrations and these are plotted as per-
cent inhibit ion of the control outgrowth size in Fig 2. All 
concentrations of histamine tested inhibited outgrowth. Maxi-
mum inhibition was observed at 1 X 10- 4 M histamine. Higher 
concentrations of histamine (1 X 10- 3 or 1 X 10- 2 M) were 
always less inhibitory than the 10- 4 M histamine values. If due 
only to histamine induced cyclic AMP formation one would 
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expect a continued enhancement of inhibition with higher con-
centrations. 
To determine whether or not the inhibition of outgrowth 
seen with histamine exposme was truly due to a decrease in 
mitotic counts, the experiments shown in Table I were done. In 
part A of Table r explants were exposed to 2 histamine concen-
trations and outgrowth and mitotic figures were measured after 
24 hr. Again outgrowth was significantly inhibited by both 
concentrations but the stronger one (10- 2 M) showed less inhi-
bition. This result was also seen in the mitotic indices but the 
numbers of mitoses were low and the inhibition at 1 X 10- 2 M 
600 
500 
c 
~ 400 
u 
E 
s= 
~ 300 3: 
o 
=> 
0 200 
100 
o 
! ~-------~ B J/. ____ t C 
'=-----1 ~ ~~ 
0 
24 48 72 
H 0 U R S 
FIG 1. Histamine and epinephrine effects on epidermal out.growth. 
On the 3rd day after explant of pig skins, epidermal outgrowth distance 
was recorded as the pretreatment reading. Cultw'e media were replaced 
by freshly made RPMI 1640 with 10% fetal calf serum with histamine 
and/or epinephrine at various concentra tions. The outgrowing distance 
was measured every 24 hr following the treatment. Each poin.t is the 
mean of the outgrowth in microns (± SE) fTom 12 expla nts . A = control, 
no addition (_) , B = epinephrine (5 X 10- " M) (0 ), C = histamine (J 
x 10- ' M) (e) and D = both epinephrine a nd histamine (6 ). 
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was not significant. This type of experiment was repeated twice 
more with the addition of colchicine to accumulate mitotic 
figw'es and the use of 72 hr of cultme instead of 24. Again 
histamine 1 X 10- 4 M was found to inhibit significantly and it 
inhibited more than either a lower or a higher concentration 
(Part B Table I). 
Table II details the effect of histamine and other related 
compounds on epidermal outgrowth. Again histamine at 10- ' M 
showed a significant inhibition of outgrowth while at a higher 
concenb'ation (lO-~ M) the effect was less and actually did not 
differ from the control. 4-Methyl-histamine, considered to be a 
pme H z agonist, had a linear dose dependent inhibitory effect 
up to 1 X 10- 3 M in contrast to the biphasic result with 
histamine. The combination of histamine (10- 4 M) and theo-
phylline (a phosphodiesterase inhibitor) markedly inhibited 
epidermal outgrowth. Cimetidine, a specific antagonist to the 
H z receptor, clearly lessened the inhibitory effect of histamine. 
Slight inhibition (Experiments 1 and 4) by cimetidine itself is 
statistically not significant. These results strongly suggest that 
4-methyl-histamine is acting as a pme cAMP agonist and 
causing a dose dependent inhibition of outgrowth. On the other 
hand, histamine is causing an H z mediated (cyclic AMP) inhi-
bi t ion at 10- 4 M but at 10- :1 M this inhibitory effect is being 
100 
c 
0 
.D 
5 0 
.c 
c 
"" 
FIG 2. Effect of histamine on epidermal outgrowth. Cul tul'e condi-
tions as in Fig 1. After 3 days treatment with histamine, the epidermal 
outgrowth distance was measured. The outgrowth distance during the 
treatment period was calculated and expressed as % growth inhibition 
of control outgrowth. Each line represents the average (± SE) of one 
series of experiments containing 10 to 15 explants for each condition. A 
total of 8 separate experiments was done. 
TABLE I. Effect of histct.1nin.e on outgrowth and mitosis of pig epidermis in cult lire 
"A"f! 
Control 
Histamine 
1 x 10- 01 M (100 I'M) 
1 X 10- " M (10000 I-'M) 
"BUI) 
Control 
Histamine 
1 X 10-" M (10 fLM) 
1 X 10-" M (100 I'M) 
1 X 10- " M (1000 fLM) 
Outgrowth 
(/l / Day ) 
167 ± 30 (n = 9) 
56 ± 17 (n = 9) 
90 ± 12 (n = 9) 
(n = 19) 
(n = 19) 
(n = 19) 
(n = 19) 
% Inhibition 
67% (p = .005) 
46% (p = < .05) 
Mitotic index 
Mitoses/ IOoo Cells 
2.59 ± 0.87 
0.40 ± 0.22 
1.43 ± 0.36 
51.92 ± 4.09 
37.33 ± 6.26 
32.32 ± 2.93 
44.63 ± 4.73 
""A" CultuTes read for 24 hI' after Histamine addi t ion. Mitotic Index determined without Co lchicine. 
/, "B" CultUl'es read after 72 hI' incubation with Histamine. Colchicine (3.5 ,(glee) added for last. 4 hr. 
% Inhibi tion 
85% (p = < .05) 
46% (p = N.S.) 
28% (p = > .05) 
38% (p = < .001) 
14 % (p = NS) 
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TABLE II. Effects of histamine receptor agonists and antagonists 
% Inhibit ion 
No. \ No. 2 No.3 No.4 
Histamine 
1 x 10- [' M 
1 X 10- 4 M 
1 X 10-" M 
29.S ± 3.0 (Slt '" 
67. 1 ± 6.S (S) '" 
4.0 ± 0.3 (S) 
29.0 ± 2.5 (S)' 31.1 ± 2.5 (S) " 
9.7 ± 0.4 (S) 
34.9 ± 1.9 (14)" 
o ± 0.1 (12) 
4-Methyl-histamine 
1 x 10- [' M 
1 X 10- ' M 
1 x 10-" M 
19.3 ± 2.5 (S) 
32.S ± 3.1 (S) " 
56.3 ± 4.9 (S) '" 
Histamine 1 x 10- 4 
Theophyl1in 5 x 10- " M" 
Histamine 1 x 10- 4 M 
Cimetidine 1 x 10- 3 M" 
Cimetidine 1 x 10- :1 M 
61.9 ± 4.6 (9) " ··t 
25.1 ± 3.2 (S) '."1" 
10.7 ± 1.5 (S) 
o ± 0.2 (9) 
5.2 ± 0.3 (9) 
Experimental conditions were the same as described in Fig 2. Average 8E is approximately 1.0%. The tlddition of metiamide alone caused 54.4 
± 6.3 (S) and 56.1 ± 4.9 [10] percent inhibit ion at 10- 4 and 10- '3 M respect ively, that of pyrilamine (10- ;1 M) a lone 67.2 ± 3.S [9] a nd diphenhyd.ra mine 
(10- 4 M) alone over 100% inhibi tion (retraction). 
"( ) = Number of specimens. 
, p .05 vs contro l. 
., P .01 vs control. 
". P .001 vs control. 
"I" p .001 vs Histamine 1 x 10-·' 
:j: p .001 vs Histamine 1 x 10- ' 
offset by stimulation of a growth promoting process (HI me-
diated cyclic GMP formation). Attempts to remove the hista-
mine mediated cyclic GMP effect by appropriate HI blockers 
so that a pure H2 mediated cyclic AMP effect with histamine 
could be seen were unsuccessful due to inhibition of these 
agents used singly (see footnotes to Table II). 
These data with the epidermal outgrowth system appear to 
coincide with the biochemical data. Namely, incubation of 4-
methyl-histamine (a pure H2 agonist) with pig epidermal slices 
caused no increase in cyclic GMP levels even at 10- 3 M while it 
did as expected increase the cyclic AMP level from 0.7 pico-
moles/ Ilg protein to 38 picomoles/Ilg protein at 10- 3 M (Table 
III). Histamine (HI and H2 agonist) as reported in previous 
studies caused a dose dependent increase in both cyclic AMP 
and cyclic GMP (Table III). 
The effect of cyclic GMP on epidermal outgrowth in our 
system is shown in Table IV. Explants were treated with rather 
high concentration of cyclic GMP, to demonstrate the possibil-
ity of a stimulating effect in explant outgrowth. In addition in 
one experiment 1 % instead of 10% fetal calf serum was used to 
further enhance any possible stimulatory effects. Three inde-
pendent experiments revealed that 1 x 10- 4 M cyclic GMP did 
consistently significantly stimulate epidermal outgrowth of pig 
skin, whereas other concentrations were not consistent but did 
occasionally give significant stimulatory effects on outgrowth. 
DISCUSSION 
The actions of cyclic AMP and cyclic GMP are so diverse in 
different tissues that their actions should be strictly defined 
within each tissue. In epidermis in vitro one role of cyclic AMP 
appears to be as an inhibitor of mitosis. In an in vitro human 
epidermal cell outgrowth system, Harper et al (3,11,12] found 
marked mitotic inhibition (using a 4-hr G2 assay) by cyclic 
AMP (and dibutyryl cyclic AMP) as we).l as by ,a-adrenergic 
agonists (isoproterenol and epinephrine), histamine, and aden-
osine (and adenosine 5'-mono-, di- and tri-phosphates). Also, 
the addition of a ,a-adrenergic antagonist removed the mitotic 
inhibition elicited by epinephrine. 
In human and pig epidermal slice systems, we [13-15] have 
found that these hormones and chemicals axe capable of in-
creasing the intracellular cyclic AMP levels dramatically. The 
cyclic AMP increase was blocked by appropriate antagonists. 
Our current results with the pig epidermal outgrowth system 
are generally in accord with the above biochemical data, and 
TABLE Ill. Effect of 4·methyl histamine on cyclic nucleotide levels 
in pig epidermis 
Control (0 min) 
Control (5 min) 
4-Methyl histamine 
(5 min) 
1 x 10- 4 M 
1 x 10-" M 
Histamine (1 min) 
Control 
1 x 10-" M 
1 X 10- [' M 
1 X 10- 4 M 
1 x 10-" M 
1 X 10- 2 M 
Cycl ic GMP" 
Ice ntolno les/j.Lg 
protein 
13.4 ± 2.0 (n = 6) 
12.5 ± 1.2 (n = 5) 
15.S ± 3.5 (n = 5) 
12.2 ± 1.2 (n = 5) 
" 
B.O 
11.0 
14.0 
17.0 
26.0 
27.0 
Cycl ic AMP 
Picolno\es/I'g 
protein 
1.1 
0.7 
3B.B 
1.0 
7.0 
39.0 
42.1 
" n = number of tubes assayed. Each tube contained 4 epidermal 
squares each measuring 5 X 5 mm. Cyclic GMP was determined in 
duplicate for each tube. 
I, Histamine-cyclic GMP dala from Iizuka et ai, JID 73:314, 1979. 
r Histamine-cyclic AMP data from Iizuka et ai, BBA 437:150, 1976. 
TARLE IV. effect of cyclic aMP on the ou.tgrowth of pig epiderm£.-
~Ad~iLiOl S~ No. \ No.2 No.3 
None (control) 9S ± 5.S 123 ± 9.0 S2 ± 4.S 
Cyclic GMP: 1 x 10-" M 
1 X 10- " M 
5 x lO- r, M 
1 X 10- 4 M 
1 x 10- " M 
(n = IS) (n = 14) (n = 31) 
83 ± 11. 
(n = 6) 
79 ± 7.9 107 ± 5.5 
(n = 9) (11 = 13) 
\04 ± 11 
(n = 9) 
132 ± 17 
(n = 7) 
lOB ± 14 
(n = 6) 
ISS ± 11 '" 
(n = 14) 
152 ± 11' 
(n = ll) 
107 ± 5.7" 
(n = 31) 
167 ± 6.1"" 
(n = 30) 
92 ± 2.6 
(n = 30) 
Expressed as mean microns ± 8E/day: n = number of explants: In 
experiment No.1 the tissue culture media were supplemented with 1% 
fetal calf serum during the cyclic GMP treatment for 3 days. Significant 
figures (Compared to contra\) 
' p < .05. 
,. p < .005. 
'" p < .001. 
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strongly suggest that epidermis of man and pig in culture 
possesses specific receptors and ~denylate cycl~se. s~~tems 
which cause cyclic AMP accumulatlOn and lead to mhlbltIon of 
cell proliferation. . . ... .. 
In our pig epidermIs explant system, hlstamme mhlbltlOn was 
linear and dose dependent at concentrations of 1 X 10- 6 M to 1 
X 10- 4 M . The maximum inhibitory effect was always found at 
1 X 10- 4 M . This concentration stimulated adenylate cyclase to 
the greatest extent [1]. Epinephrine, which stimulates adenylate 
cyclase of pig epidermis maximally at 5 X 10- [' M [13], showed 
50% growth inhibition of the epidermial outgrowth. Treatment 
with both epinephrine and histamine had a nearly additive 
inhibition. This indicates that epinephrine and histamine acted 
on their independent receptor sites. Theophylline which in-
creases cyclic AMP through inhibiting phosphodiesterase also 
magnified the inhibitory effect of histamine (Table II). 
As briefly discussed in the introduction, a biological role of 
cyclic GMP appears to be as a stimulator of mitosis in a few 
tissue systems, as well as in this pig epidermal explant system, 
where the addition of cyclic GMP clearly caused increased 
outgrowth. Since in the pig epidermal system, histamine can 
stimulate both HI and H2 receptors and thereby increase the 
intracellular levels of both cyclic GMP and cyclic AMP respec-
tively, one may expect a dual role of histamine. Both accelera-
tion and inhibition of the outgrowth should occur. The finding 
that histamine at 1 X 10- 4 M always caused maximum growth 
inhibition and at 10- 3 or 10- 2 M was always much less inhibitory 
does fit with the biochemical effects of histamine on these cyclic 
nucleotides. In our pig epidermal slice system [1], cyclic AMP 
accumulation was maximal at 1 X 10- 4 M histamine, while cyclic 
GMP accumulation was maximal at 1 X 10- 3 M . 4-methyl-
histamine, a specific H2-receptor agonist, caused a dose de-
pendent inhibitory effect on epidermal outgrowth at the range 
of 1 X 10- 5 to 10- 3 M. Furthermore, 4-Methyl-histamine, unlike 
histamine, caused only an increase in cyclic AMP but no effect 
on the cyclic GMP levels. Cinletidine, a specific antagonist of 
H 2 receptors, lessened the inhibitory effect of histamine signifi-
cantly. Experiments with HI-receptor inhibitors such as pyril-
amine and diphenhydramine were unsuccessful because of their 
marked growth inhibitory effect by themselves. These results 
strongly support the hypothesis that the lower concentration of 
histamine inhibits epidermal cell proliferation through an H 2-
receptor, (cyclic AMP as a mediator) while the higher concen-
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tration counteracts the inhibition by acting on HI-receptors 
(cyclic GMP as a mediator) and stimulating growth. 
REFERENCES 
1. Iizuka H. Adachi K , Halprin KM. Levine V: Histamine (H2 ) recep-
tor-adenylate cyclase system in pig skin (epidermis) . Biochim 
Biophys Acta. 437:150-157, 1976 
2. Iizuka H , Adachi K, Aoyagi T. Halprin KM . Levine V: Cyclic GMP 
system in epidermis. II. Histamine stimulates cyclic GMP for-
mation. J Invest Dermatol. in press 
3. Harper RA, F laxman BA: Effect of pharmacologic agents on human 
keratinocyte mitosis in vitro. III. Inhibition by histamine and 
methylated analogs. J Invest Dermatol 65:400-403, 1975 
4. Voorhees JJ, Duell EA. Bass LJ , Powell JA, Harrell EH: The cyclic 
AMP system in normal and psoriatic epidermis. J Invest Der-
matol 59: 114-120, 1972 
5. Friedman DL: Role of cyclic nucleotides in cell growth and differ-
entiation. Physiol Reviews 56:652-708, 1976 
6. Seifert WE, Rudland PS: Possible involvement of cyclic GMP in 
growth control of cultured mouse cells. Nature 248:138-140, 1974 
7. Hadden JW. Hadden EM. Haddox MK, Goldberg ND: Guanosine 
3':5'-cyclic monophosphate: A possible intracellular mediator of 
mitogenic influences in lymphocytes. Proc Nat Acad Sci USA 69: 
3024-3027, 1972 
8. Durham JP, Baserga R , Butcher FH: Lack of correlation between 
catecholamine analog effects on cycl ic AMP levels and adenylate 
cyclase activity and the stimulation of DNA synthesis in mouse 
parotid gland, Control of Proliferation in Animal Cells. Edited by 
B Clarkson, R Baserga. Cold Spring Harbor, NY. Cold Spring 
Harbor Press, 1974. pp 595-607 
9. Halprin EM. Lueder M. Fusenig NE: Growth and differentiation of 
postembryonic mouse epidermal cells in explant cultures. J Invest 
Dermatol 72:88-98. 1979 
to. Lowry OH. Rosebrough NJ . Farr AL. Randall RJ: Protein mea-
surement with fro lin phenol reagent. J Bioi Chem 193:265-275. 
1951 
11. Harper RA. Flaxman A. Chopra DP: Effect of pharmacolOgical 
agents on human keratinocyte mitosis in vitro. 1. Inhibition by 
adenine nucleotides. Proc Soc Exp Bioi Med 146:1032-1036. 1974 
12. Harper RA. Flaxman A, Chopra DP: Mitotic response of normal 
and psoriatic keratinocytes in vitro to compounds known to affect 
intracellular cyclic AMP. J Invest Dermatol 62:384-387, 1974 
13. Yoshikawa K, Adachi K, Halprin KM, Levine V: The effects of 
catecholamine and related compounds on the adneyl cyclase 
system in the epidermis. Br J Dermatol 93:29-36, 1975 
14. Iizuka H , Adachi K , Halprin KM. Levine V: Adenosine and adenine 
nucleotides stimulation of skin (epidermal) adenylate cyclase. 
Biochim Biophys Acta 444:685-693. 1976 
15. Iizuka H, Adachi K . Halprin KM. Levine V: Cyclic AMP accumu-
lation in psoriatic skin: Differential responses to histamine. AMP 
and epinephTine by the uninvolved and involved epidermis. j 
Invest Dermatol 70:250-253. 1978 
